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Abstract 
This paper discusses the importance of visual perception in reading. An unusual letter type can alter the decoding, a familiar one 
increases the precision of recognition and shortens the processing time. The research involved twenty-four second grade children. 
Based on the Sindelar Cognitive Evaluation and Training Program, we created worksheets to evaluate the visual perception 
differences on wire-written (Hungarian-type) and on cursive-written non-words. The results showed that the children performed 
better on the cursive-written non-words. Hence, we advise that the teachers should choose carefully the instructional materials, 
when using hand-written materials from Hungary, because this could decrease the performance.  
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Visual perception is the ability to process and organize visual information; playing a major role in identifying and 
classifying information (Bundesen, 1990). The development of reading skills may depend to a certain extent on the 
development of the basic visual perception (Massaro & Cohen 1994). The relationship between the visual perception 
and reading disabilities has been a constant subject of research. We can’t have a complete understanding of reading 
if we don’t understand letter recognition. 
These investigations are based on the assumption that specific perceptual behaviour is involved in reading and 
affect reading achievement. Hyman and Cohen (1975) studied the effect of verticality on the letter discrimination, 
and it has been found that reducing the dominance of the vertical aspects of these letters reduced the reversal errors. 
Flom (1991) attributed the effect of separation to crowding. The results of Fiset & al. (in Finkbeiner, Coltheart, 
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2009) reveal that line terminations and horizontals are the most important letter features in letter identification. 
Additionally, they show that different letter features follow different time courses in letter identification. Thus, not 
only are some features more important than others in the identification of letters, but it is also that individuals extract 
particular features before they do others. Cursive and wire written handwriting is differentiated by these features. 
In cognitive structure the perception is on the baseline (Radvanyi, 2010). In dyslexia theories in addition to 
phonological processing there are evidences for visual and visual-attentional deficits which may point to 
orthographic processing difficulties. This highlights the multi-causal nature of dyslexia and the importance of 
orthographic processing (Lavidor, 2011). Most theorists (McClelland & Rumelhart, 1981, Stuart, 1990, Dehaene, 
Cohen, Sigman & Vinckier, 2005) assume that the visual feature analysis is present in the initial stages of read into 
use the visual-orthographic processing as a main process the focus shifts to other cognitive processes as reading 
progresses. Perceptual skill deficits in the form of intermodal and intramodal stimuli discrimination were linked to 
learning disabilities (Feagans, Merriwether, 1990).
Brigitte Sindelar and Franz Sedlak (2000) theory on learning disabilities is based on the fact that the child’s 
cognitive structure is disharmonic. In this a tri-dimensional model (Affolter, 1992) the base is the development of 
perception, the modality-specified level on the middle are the intermodal abilities and on the top is the serial 
perception. Sindelar (2010) developed an assessment tool and an intervention program for prevention and 
intervention of learning disabilities (Zsoldos, 2004). 
Typical evaluation methods (Schneck, 2010) uses psychometrical testing, which are designed for pointing out the 
specific components of visual perception in an effort to clearly understand the nature of difficulties. These 
components are characterized by the apparent task demands of various activities and include visual discrimination 
and visual memory, among others. If only visual field is taken in consideration the visual training is effective in the 
same degree as remedial program (Bieger, 1978). Sindelar (2010) assessment tool is an alternative one, evaluating 9 
cognitive abilities which can be the cause of learning disabilities. Her theory sustain that there are some 
interferences between the lower and upper abilities, and if one ability does not work properly the children will use 
compensatory strategies, which will need more time for execution and in higher grades, when the tasks became 
complex and there will be a lot to learn every day, the compensatory strategies will fail, and the apparently „normal” 
child will become learning disabled. In this program the perception has the key role (Kiss, Zsoldos, 2008). 
2. Objectives and Hypotheses 
2.1. Objectives 
One of the main objectives of the study was the assessment of the visual perception of second grade children. Our 
goal was to investigate if the presentation of on wire-written and on cursive-written non-words will affect the 
performance on tasks involving visual perception, visual discrimination, visual differentiation and working memory. 
Since writing system varies among countries and individuals, this study was conducted to determine if the use of 
an unfamiliar system will affect the outcomes of visual perception or not. Based on our experience with Sindelar 
Program on visual abilities we found that most of the learning disabled students have visual perception problems. 
The practical question and purpose of the study was to find out if we should change the feature of these worksheets 
or the problems are due to the student’s perceptual problems. 
2.2. Hypotheses:  
1. The children’s performance in visual discrimination, visual differentiation and visual working memory will be 
increase using cursive-written non-words (familiar type) and less effective with wire-written (unfamiliar type) non-
words. 
2.  The  processing  time  of  visual  stimuli  is  a  strong  negative  predictor  for  visual  errors.  The  visual  errors  on  
inferior levels (discrimination, differentiation and recognition) will predict the recalling errors. 
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3. Method  
3.1. Participants  
Participants were twenty-four children, twelve girls and twelve boys (one group study with 50% female, 50% 
male participants). The ages of participants ranged from eight years to eight years and ten month with a mean age 
8.4 (SD=0.27). The children were students in second grade (elementary school) from one of the Hungarian language 
school from Cluj-Napoca. Participation was voluntarily, based on parental consent, students and their parents were 
informed about the aims and the nature of the study and confidentiality was assured.  
3.2. Instruments 
Based on her diagnostic experiences, Marianne Frostig (1964) developed the DTVP (Developmental Test of 
Visual Perception) test which is suitable to assess five basic perceptual fields (eye-hand coordination, shape –
background, shape constancy, spatial position and spatial relations). We used DTVP as a screening test, to eliminate 
the participants with visual perception deficits.  
For visual discrimination we used twelve wire-written and twelve cursive written non-word card. The frequency 
of letters respects the characteristics of Hungarian language. The wire-written non-words were selected from the 
Sindelar (2001) Cognitive Development Program and the cursive non-word cards were created by us as analogous 
tasks (Į =0,750). For visual differentiation we used also the Sindelar program (2001), the wire-written worksheets 
were selected from the visual differentiation third booklet and the cursive non-word worksheets were created by 
ourselves as analogous tasks (Į =0,809). We also measured the ability of visual recognition (Į = 0.917) and visual 
working memory (Į = 0,856). The wire-written worksheets were selected from the visual memory third booklet 
(Sindelar program, 2001) and the cursive non-word worksheets were created by us as analogous tasks. 
3.3. Procedure 
The evaluation was made individually for each child in three parts, in total two and a half hour/child. The visual 
discrimination was evaluated by presenting the non-words cards and asks the participants to copy them. For 
assessment of visual differentiation we used worksheets and cards, the task was to match peers, while time and 
errors being recorded. The visual recognition task was to select the previous seen cards, processing time and errors 
being recorded. The visual recalling task was to write down the previously seen non-words and as previously the 
time and errors being recorded. 
4. Results 
Statistical analyses were computed using the SPSS 20.0. The alpha level of significance was set at .05 
throughout. Our research objective was to investigate the differences between a familiar hand-writing type and 
unfamiliar one. In order to eliminate any other aspect we applied the two sets of instruments on the same group. 
Hypothesis 1. The children’s performance in visual discrimination, visual differentiation and visual working 
memory will be better when using cursive-written non-words and less effective with wire-written non-words. 
Table 1. The difference (paired sample t test) between wire-written and cursive written tasks  
Pairs M N SD t df p Cohen’s d r
Wire discrimination errors 3.0000 24 2.46718 5.779 23 .0001 2.41 0.76 Cursive discrimination errors .8750 24 1.42379 
Wire differentiation time 58.1250 24 13.52072 7.058 23 .0001 2.94 0.82 Cursive differentiation time 37.7000 24 6.15651 
Wire differentiation errors 2.6250 24 1.83712 3.505 23 .002 1.46 0.59 Cursive differentiation errors 1.3333 24 1.55106 
Wire recognition time 50.2143 24 35.13528 3.900 23 .001 1.62 0.63 
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Cursive recognition time 32.4167 24 17.85031 
Wire recognition errors 1.2024 24 .45938 8.968 23 .0001 3.73 0.88 Cursive recognition errors 6.2917 24 3.01416 
Wire recall time 63.6726 24 35.62905 5.282 23 .0001 2.20 0.74 Cursive recall time 32.9821 24 17.62723 
Wire recall errors 51.2917 24 10.28921 4.224 23 .0001 1.76 0.66 Cursive recall errors 44.1667 24 12.46793 
To demonstrate the differences we used the paired sample t test. For every variable we measured two components 
processing time and the errors. 
As Table 1 shows our first hypothesis has been partially proven. We found significant differences between the 
two modalities, with large effect size on differentiation time (d=2.94, r = 0.82) and recognition errors (d = 3.73, r = 
0.88) and moderate effect for the other variables. The decreasing processing time in the case of the familiar stimuli 
suggest that those tasks were completed easily, without compensational strategies, in the case of wire-written letters 
the children needed extra clues taken from intermodal coding. These results supports Sindelar theory (2010), that the 
longer time suggest disharmony in the assessed ability. The errors types were different in the two feature. In cursive 
written stimuli there were omissions, interpolation and in some cases b-d confusion. In the case of wire-written 
stimuli there were much more confusions between o-a, v-u, n-m, n-r, n-p, r-v, b-l, s-r. The confusions were present 
because these letters become similar in this way of presentation. Surprisingly the recognition errors shows reversed 
differences, so in this case the unusual letter-type produced a much more precise resolution. In some part this can be 
explained by the almost half-time allocation, but maybe there are some other factors (example motivation and the 
fact that the children considered that the sheet presented with usual letter type easy) which we did not evaluate.
Hypothesis 2. The processing time of visual stimuli is a strong negative predictor for visual errors. The visual 
errors on inferior levels will predict the recalling errors. 
The discrimination errors are not being take into the consideration because there is no significant correlation 
between the discrimination errors and errors on differentiation, recognition or recalling. 
To examine our expectation regarding the predicting value of processing time on errors we made a linear 
regression analysis with the error as the independent variable and the time (recalling, recognizing and differentiation 
time) as the dependent one.  
First we made the linear regression analysis on the cursive letter type tasks. The result indicated that the 
processing time is not a predictor for the differentiation errors (ȕ=-.0.12, t (23) = -.034, p=.973). Even the time 
management (mean of the time needed for information processing in all tasks in cursive letters) doesn’t have a 
predictive value on making errors R²=.027, F (3, 23) = .185, p=.905.  Furthermore we inspected the predictive value 
of processing time on the recognition errors (ȕ=-.059, t (23) = -.187, p=.853) which isn’t predictive. If we look for 
the time-management effect R²=.262, F (3, 23) = 2.372, p=.101 we could not find a prediction. The results indicated 
that solely the processing time is not significant to predict recalling errors (ȕ=-.231, t (23) = -1.081, p=.293). Only 
the time management in all the task in cursive letters explains a significant portion of variance in recalling errors 
score, R²=.70, F (3, 23) =15.56, p<.0001. In this case the time of perception explains 70% of the recalling errors. 
The results on wire-letter type tasks indicated that the processing time neither in this case is a predictor for 
differentiation errors (ȕ=-.221, t (23) = .942, p=.358). Even if we consider the time-management does not predict the 
errors R²=.196, F (3, 23) =1.629, p=.214.  In the case of recognition errors we found the same results (ȕ=-.406, t (23) 
= 1.269, p=.219). Neither the time-management does not predict the errors R²=.192, F (3, 23) =1.588, p=.224. The 
results indicated that only the processing time is not significant in prediction of recall errors (ȕ=-.167, t (23) = -.558, 
p=.583). Neither the time management in all the task in cursive letters explains a significant variance in recalling 
errors score, R²=.321, F (3, 23) =3.14, p=0.48.  
We inspected the predictive value of the differentiation and recognition errors on recalling errors. We found out 
that only the recognition errors has predictive value. In case of wire-letters the recognition errors (ȕ=.538, t (23) = 
2.999, p=.007) have a predictive role for recall errors, and predict them in 28% R²=.289, F (3, 23) =8.941, p=.007. 
In case of cursive letters the recognition errors (ȕ=.709, t (23) = 4.716, p<.0001) explains 50% proportion of 
variance R²=.50, F (3, 23) =22.23, p<.0001. 
Our second hypothesis has been proved only partially. Only on tasks with cursive letters the processing time 
predicts a significant portion of 70% the recalling errors. Regarding the errors type only the recall errors have a 
predictive value on recognition errors. The prediction is stronger in the case of familiar letter type. 
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5. Conclusions 
Current study highlights the need for educational research on the differences on visual perception and its 
implications in educational process. Using unfamiliar materials will alter even the performance of a good student or 
he will force the child to use compensatory strategies to resolve the task. The results of differences in proceeds time 
on different type of letters is in line with Hyman and Cohen (1975) who are claiming that that specific perceptual 
behaviors are involved in reading and affect reading achievement. 
Based on results of investigations of Fiset & al. (in Finkbeiner, Coltheart, 2009) that different letter features 
follow different time courses we proved that the processing time is longer with unfamiliar letter type and shorter 
with the familiar ones. In addition we can say that the type of errors are different, the confusion of letters is present 
only with the unfamiliar stimuli, the other type of errors are present in both cases and are due to the fact that the 
second grade students are the in the initial stages of read, so the type of the letters is still very important. 
The results about the tasks presented in a familiar way were completed easily, and the unfamiliar one’s needed 
more time, and even with extra time are completed with more errors. This supports Sindelar theory (2010). 
Our second hypothesis has been proven only in part. In the case of unfamiliar letter type tasks we found that the 
time allocated for visual encoding is not a predictor for the higher level performances, even the mistakes made 
during the visual differentiation and recalling process have a low predictive value of 28%. In the case of familiar 
letter type the time allocated for visual encoding has a strong predictive value of 70% and the differentiation and 
recalling errors explains the outcomes for visual recalling in 50%. These results are in consensus with Sindelar 
theory (2010). 
Our main objectives were to investigate how the presentation of on wire-written and on cursive-written non-
words will affect the performance on tasks involving visual perception, visual discrimination, visual differentiation 
and working memory. The results shows that the children perform better in tasks with familiar letter type. Every 
aspect of visual perception was affected by the type of stimuli presented. 
We can conclude that the unfamiliar letter type induced problems on visual perception, visual discrimination, 
visual differentiation and working memory. Based on the findings, we would advise the teachers to choose carefully 
the instructional materials, when using hand-written materials from Hungary, because this could induce decreasing 
performance in children. They should be even more careful if the students has functional problems of visual 
perception. 
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